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Replacement  of  certain  analog  elements  >y  their 

swi tched-capaci tor  equivalents  is  a  relatively  new 

technology  with  potential  applications  in  integrated  circuit 

design.  The  first  investigations  on  this  techniquie  was 

performed  in  the  late  1970's  and  attracted  great  deal  of 

attention.  One  of  the  important  reasons  for  replacing 

» 

analog  circuits  with  their  switched-capacitor  equivalents  is 
the  compatibility  of  the  switched-capacitor  circuits  with 
MOS  technology.  Present  emphasis  is  directed  toward 
switched-capacitor  realization  of  the  entire  analog  sampled 
data  systems  in  MOS  technology. 

The  purpose  of  this  experimental  research  was  to 
investigate  certain  switched-capacitor  circuits  in  order  to 
verify  their  theoretical  analysis. 
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In  the  literature  ,  there  are  many  technical  papers 
describing  the  theoretical  characteristics,  advantages  and 
disadvantages  of  swi tched-capaci tor  circuits  and  systems. 
The  experimental  resarch  presented  here  is  an  investigation 
of  the  characteristics  of  specific  swi tched-capacitor 
circuits  as  described  by  some  of  these  technical  papers. 
The  circuits  investigated  include  a  second  order  band 
elimination  filter,  a  simulation  of  inductor  and  a  AM 
demodulator.  For  each  circuit,  the  performance  of  the 
swi tched-capaci tor  implementation  was  compared  to  the 
theoretical  analysis.  In  additon,  for  the  band  elimination 
filter  and  inductor  circuits,  the  performance  of  the 
swi tched-capacitor  circuit  was  compared  to  an  equivalent 
implementation  using  normal  analog  components.  Analatical 
results  were  duplicated  using  switched-capacitor  circuits. 
The  clock  frequency  was  a  critical  parameter  for  the 
experiment. 


CHAPTER  I 


INTRODUCTION. 

BACKGROUND 

The  main  building  block  of  active  filters  is  the 

integrator  which  consists  of  operational  amplifier  (op-amp), 

resistor  and  capa'citors.  A  maj-  ;  eason  that  active  filters 

have  not  previously  been  integr  >^d  in  MOS  technology  is  the 
i 

necessity  to  accurately  de  resistance-capacitance 

products,  which  requires  that  the  absolute  value  of  the 
resistors  and  capacitors  be  well  controlled.  In  addition, 
integrated  (diffused)  resistors  have  poor  temperature  and 
linearity  characteristics,  as  well  as,  requiring  a  large 
amount  of  silicon  area.  A  circuit  that  performs  the 
function  of  a  resistor  without  these  disadvantages  has  been 
investigated  independently  by  several  workers.  That  circuit 
is  the  switched-capacitor(SC)  circuit. 

The  fundamental  of  a  characteristic  SC  circuit  is  the 
transferral  of  charge  from  point  to  point  in  the  circuit  by 
charging  a  capacitor  at  the  first  point  and  discharging  it 
through  the  other.  The  theory  of  the  operation  of  a  SC 
circuit  as  a  resistor  has  been  explained  in  detail  in 
Appendix  A.  If  the  switching  rate,  fc  =  i/tc  ,  '  is  much 
larger  than  the  highest  frequency  of  the  signal  of  interest, 
then  the  discontinuities  of  the  signal  can  be  ignored  and 
the  SC  can  then  be  considered  as  a  direct  replacement  for  a 


conventional  resistor.  However  if,  the  switching  rate  is  of 

the  same  order  as  the  highest  signal  frequency,  then 

analysis  must  incorporate  sampled  data  techniques.  As  for 

any  sampled  data  system, the  input  signal  should  be  band 
fc 

limited  below  as  dictated  by  the  sampling  theorem.  The 

stability  and  linearity  of  the  resistance  value 
(Eq.  A-4)  is  much  better  than  that  obtained  from  diffused 
resistors  since  the  insulator  in  a  properly  fabricated  MOS 
capacitor  has  essentialy  ideal  characteristics.  For 
example,  typical  temperature  coefficients  for  these  capaci¬ 
tors  are  less  than  10  ppm  (Ref  2:601).  Another  important 
advantage  of  the  SC  resistors  is  the  high  accuracy  of  the  RC 
time  constant  that  can  be  obtained  with  their  use. 

In  integrated  circuits,  it  is  possible  to  achieve  high 
precision  in  the  capacitance  ratio.  It  has  been  shown  that, 
the  error  in  such  ratios  can  be  less  than  0,1  percent  using 
standard  MOS  techniques  (Ref  3:371-379).  It  is  thus 
apparent  that  the  SC  resistor  makes  it  possible  to  design 
precise,  stable  RC  filters  which  can  be  fully  integrated. 
It  is  also  possible  to  modify  the  filter  parameters  such 
as,  gain,  cutoff  frequency  and  selectivity  by  varying  either 
the  SC  clock  frequency  or  the  capacitor  values  or  both. 

Experimental  investigations  (Ref  2;4)  show  that  the 
effects  of  the  switches  and  amplifier  limitations  must  be 
taken  into  account  as  practical  design  considerations.  Some 
of  these  limitations  are  following: 


1.  It  is  desirable  to  have  the  clock  rate  as  high  as 
possible  relative  to  the  filter  bandpass  frequencies  in 
order  to  reduce  the  aliasing  of  the  input  signal.  The 
magnitude  of  the  capacitor  ratios  required  for  a  given 
frequency  response  increases  with  the  clock  rate,  which 
also  increases  the  silicon  area  requirements. 

2.  At  very  high  sampling  rates,  the  time  constant  of 
the  switched  capacitors  will  become  important. 

3.  Due  to  finite  ON  resistance  of  the  switches,  the 
transfer  of  the  charge  is  incomplete. 

4.  The  thermal  noise  contributions  of  the  amplifier  and 
switches  dominate  over  all  other  noise  sources. 

5.  There  is  clock  feedthrough  which  is  caused  by  the 
inherent  capacitance  between  diffusion  and  gate  of  the 
switching  transistors. 

6.  The  offset  error  caused  by  leakage  current  in  the 
switching  capacitor  between  sampling  period  is  an  important 
parameter. 

7.  There  is  stray  capacitance  between  the  capacitor 
electrode  and  ground.  The  stray  capacitances  upset  the 
symmetry  of  the  circuit  and  hence  introduce  additional  image 
frequencies. 

There  are  investigations  underway  to  preserve  the  well 
known  low  sensitivity  properties  of  doubly  loaded  ladders 
(analog  reactance  filters  :ARF)  in  SC  filters.  One  of  the 
most  promising  approaches  consists  of  replacing  all  branches 
of  the  ARF  by  equivalent  branches  in  a  SC  filter  (Ref  5). 
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Generally  many  of  the  SC  networks  described  in  the 
literature  have  been  either  for  filtering  or  for  analog  to 
digital  conversion  applications.  The  SC  building  blocks  are 
also  useful  for  realizing  many  other  signal  processing 
functions.  Another  application  of  the  SC  building  blocks 
is  the  realization  of  the  adaptive  systems.  The  paper  by 
Martin  and  Sedra  (Ref  7)  gives  design  examples  of  a  SC  phase 
lock  loop,  a  tracking  filter,  a  programmable  equalizer,  a 
quadrature  sinusoidal  generator,  and  an  adaptive  channel 
equalizer  using  SC  networks.  Still  another  important  example 
is  a  SC  realization  of  a  spectral  line  enhancer  (Ref  8). 
This  is  an  adaptive  system  which  tracks  the  peak  of  the 
spectral  density  function  of  the  input  signal.  These 
examples  are  strong  evidence  for  the  important  role  which  SC 
networks  can  be  expected  to  play  in  VLSI  implementation  of 
signal  processing  functions. 

A  recent  trend  in  SC  filter  design  is  to  eliminate  the 
use  of  op-amps  which  form  the  basic  integrators  or  to  reduce 
the  number  of  op-amps  by  multiplexing  them  (Ref  9).  Op-amps 
require  a  large  chip  area,  and  consume  large  amounts  of 
power.  The  bandwidth  of  the  filter  will  also  improve  if  op- 
amps  can  be  avoided.  Other  advantages  of  elimination  of  the 
op-amps  include  reduced  noise  and  improved  dynamic  range. 
Jamal  and  Holmes  presented  a  novel  tecnique  to  avoid  the 
use  of  the  op-amps  to  form  the  basic  integrator  enhancement 
type  NMOS  transistors  and  MOS  capacitors  (Ref  10). 
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The  objective  of  this  research  work  is  to  analyze  and 
verify  in  the  lab  various  SC  circuits  and  systems  (second 
order  SC  band  elimination  filter,  SC  simulation  of  an 
inductor,  and  SC  synchronous  demodulator).  This  work  was 
accomplished  in  two  phases  : 

I.  Examination  of  a  technical  paper  that  analyzes  a 
particular  system  using  SC  circuits.  This  paper  claims 
certain  performance  attributes,  advantages,  and 
disadvantages. 

II.  Actually  building  and  testing  the  circuit  or  the 
system,  and  investigating  whether  it  really  performs  as 
indicated.  If  it  does,  explain  why,  and  if  it  does  not 
explain  why  not. 

ASSUMPTIONS 

For  experimental  purposes 

I.  Input  signals  are  changing  very  slowly  in  time  with 
respect  to  the  two  phase  clock. 

II.  The  capacitor  appears  to  charge  instantaneously  to 
the  input  voltage. 

III.  The  period  of  the  capacitor  discharge  (T=RC)  is 
very  much  less  than  the  reciprocal  of  the  input  signal 
bandwidth.  Thus,  the  capacitor  appears  to  discharge 
instantaneously . 

IV.  Equipment  used  have  good  temperature 
characteristics  so  that  experimental  measurments  do  not 
change  as  time  elapses. 


The  second  and  third  assumptions  refer  to  ideal 
switches.  The  ideal  switch  assumption  is  quite  reasonable 
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if  the  signals  of  interest  are  varying  slowly  with  time. 


For  computational  purposes 

I.  Voltage  sources  have  zero  resistance. 

II.  Operational  amplifiers  are  ideal  (infinite  gain). 

III.  Switches  have  zero  ON  resistance  so  that  complete 
transfer  of  charge  can  be  accomplished. 


APEflflACH  AH£  PRESENTATION 

Each  chapter  represents  a  different  phase  of  this 
experimental  research.  Chapter  II  presents  analysis,  design, 
fabrication,  and  test  of  the  second  order  SC  bandelimination 
filter  for  a  given  transfer  function.  It  includes  effects 
of  changes  in  clock  frequency,  effect  of  stray  capacitance 
and  clocking  scheme  on  filter  performance. 

Chapter  III  presents  simulation  of  grounded  and 
floating  inductors  using  SC  circuits.  This  section 
justifies  the  equivalance  of  the  proposed  SC  inductor  to 
grounded  inductor.  A  test  circuit  built  using  SC  circuits 
in  place  of  resistors  and  a  grounded  inductor  is  given.  The 
test  circuit  is  a  resonant  circuit.  The  performance  of  the 
test  circuit  is  compared  with  an  analog  resonant  circuit. 
Another  test  circuit,  showing  the  operation  of  the  floating 
inductor,  is  also  presented. 
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Chapter  IV  addresses  the  realization  of  SC  synchronous 
demodulator.  The  results  are  illustrated  in  the  chapter. 

Chapter  V  draws  conclusions  about  the  experiments 
conducted,  and  recommends  further  research  in  different 
application  areas  of  SC  circuits. 

Equally  important  is  the  information  contained  in 
Appendix  A,  Appendix  B,  and  Appendix  C.  They  present  basic 
principles  of  operation  of  the  SC  circuit  as  a  resistor,  two 
phase  clock  circuit,  and  the  sampled  data  demodulation 
technique  respectively. 


CHAPTER  II 
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ANALYSIS  AND  fiSSIQH 

There  are  several  general  approaches  for  the  design  of 
switched-capacitor  (SC)  filters.  Conceptually  ,the  simplest 
approach  is  to  first  obtain  the  analog  circuit  and  then 
replace  the  resistors  by  ‘their  equivalent  switched- 
capacitors. 

The  filter  realized  is  a  second  order  SC  band- 
elimination  filter.  Its  transfer  function  is 

£s  +  1000)  (s  +  5000)  } 

a  (s  +  500)  (s  +  10000) 

The  analog  filter  that  satisfies  this  specification  is 
shown  in  Figure  II- 1. 
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This  is  the  cascaded  form  of  the  two  first  order 


filters.  The  transfer  function  of  the  first  order  part  is 


H  ( s )  = 


v 2  Z2  C2//R4 
V!  Zt  C^//R3 


(2  -  2a) 


which  can  be  simplified  to  the  following  equation 


C-t  s  +  I/R3C1 
H(s)  =  -  — - --- 


C2  s  +  I/R4C2 


(2  -  2b) 


R3  can  be  replaced  by  -  and  R4  can  be  replaced  by 

fcc3 

1 1  where  fc  is  two  phase  non-overlaping  clock  frequency 

C 

(see  Appendix  B).  Then,  the  corresponding  equation  for  the 
SC  is 


C-i  s  +  fc  (Co/C-j ) 

H(s)  - - - - - - - 

C2  s  +  fc  (C4/C2) 


(2  -  3) 


The  product  H(s)  can  be  factored  into  the  form  of  Eq.  2-1. 
Then, 


s  +  1000  s  +  5000 

H(s)  =  - 

s  +  500  s  +  10000 


(2  -  4) 


The  coefficient  of  Eq.  2-4  are  equated  with  those  of 


Eq.  2-3.  For  convenience  C-\  =  C2  >  therefore,  =  1  . 

* 

Depending  on  the  clock  frequency  choosen,  the  values  of 


C3  and  C4  can  be  found. 
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If  the  resistors  are  replaced  with  SC,  the  circuit 


depicted  by  Figure  II— 1  becomes  Figure  II-2  (Ref  1:420). 


The  same  procedure  can  be  followed  to  realize  the  second 
order  part  of  the  SC  filter.  As  mentioned  before,  the 
direct  replacement  of  resistors  with  switched-capaci tors 
requires  that  the  switching  frequency  must  be  much  larger 
than  the  significant  spectrum  frequencies  of  the  input 
signal  (Ref  1:409).  The  clock  that  will  be  used  throughout 
the  experiment  was  developed  in  Appendix  B. 

e mizmw  m  iesi 

For  comparison  purposes,  the  analog  filter  and  its 
equivalent  SC  filter  were  built.  The  operational  amplifiers 
used  were  SN72741  and  SN72747.  The  analog  switches  used 
were  type  DG201A.  DG201A  is  a  SPST  (Single  Pole  Single 
Throw)  switch.  Characteristics  and  pin  description  of  the 


ft 
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chips  used  are  in  Appendix  D.  The  experiment  was  conducted 
for  clock  frequencies  of  5  Khz,  50  Khz,  100  Khz  and  200  Khz. 
For  convenience,  C2,  C5,  and  Cg  are  choosen  to  be 
0 , 1  uF.  The  values  of  C3,  C4,  C7  and  Cg  were  computed  by 
equating  Eq.  2-3  and  Eq.  2-4.  Table  II-1  shows  the 
corresponding  values  of  these  capacitors  for  each  clock 
frequency.  The  capacitances  were  measured  using  an  820 
Capacitance  Meter  by  BK  Precision  Dynascan  Corporation. 


frequency.  Since  the  clock  frequency  was  small,  the  out¬ 
put  of  the  op-amp  did  not  remain  constant.  The  output  of 
op-amp  followed  the  slow  clock  pulses. 


Sven  though  the  clock  frequency  was  small,  the  first 
order  output  waveform  of  the  digital  filter  was  the  same  as 
the  analog  filter  output.  However,  the  switching  action  was 
observed  on  the  output  of  the  first  order  part  of  digital 
filter.  The  output  waveform  of  the  second  order  part  of  the 
digital  filter  did  not  resemble  the  output  signal  of  the 
analog  filter.  Figure  II-3  shows  the  typical  output  wave¬ 
form  of  the  first  order  part  of  the  digital  filter  for  5 
Khz  clock  frequency.  The  input  signal  frequency  is  550  Hz. 


Figure  II-3  Input  (top  trace)-  output 
relationship  of  the  first 
order  SC  filter  for  5  Khz 
clock  frequency. 
Horizontal:  0.5  ms/div 
Vertical:  1  V/div 
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Later,  the  experiment  was  conducted  with  clock 
frequencies  of  50  Khz,  100  Khz  and  200  Khz.  As  the  clock 
frequency  is  increased,  switching  action  on  the  output 
signal  disappears,  and  the  thermal  noise  due  to  the  op-amps 
and  switches  decreases.  By  comparing  Figures  II-4  and 
II-5,  the  reasons  for  this  change  becomes  apparent.  Figure 
II-4  shows  both  the  input  (top  trace)  and  the  output  (bottom 
trace)  of  the  analog  filter.  Figure  II-5  shows  the  output 
of  the  SC  equivalent  filter.  The  clock  frequency  is  100 
Khz.  Comparing  the  two  figures,  the  digital  output  is  almost 
identical  to  analog  output. 


Figure  II-4  Second  order  analog  filter 
Input  (top  trace)  -  output 
Horizontal:  1  ras/div 
Vertical:  0.5  V/div 
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But,  as  it  was  mentioned  in  the  introduction  section, 
the  sizes  of  the  capacitance  ratios  for  a  given  frequency 
response  also  increases  with  the  clock  frequency,  which 
increases  silicon  area  requirements.  The  minimum  clock 
frequency  is  determined  by  the  time  constant  of  the  switched 
capacitors  and  by  the  slew-rate  and  bandwidth  limitations 
of  the  amplifiers  used  in  the  SC  circuit.  The  minimum  clock 
frequency  is  limited  by  Nyquist’s  sampling  rate  and  by 
considering  dissipative  losses  in  the  MOS  capacitors.  These 
dissipative  losses  result  in  a  loss  of  charge.  It  must 
also,  be  taken  into  account  that  any  dielectric  gradients 
may  degrade  the  matching  of  too  large  capacitors.  The 
selection  of  the  minimum  size  of  a  MOS  capacitor  should  be 
governed  by  considering  paracitic  capacitances  and  noise 
contribution  due  to  the  thermal  noise  of  the  switches. 


This  r.m.s  noise  is  given  by  (kT/C),  where  C  is  the 
sw i tched-ca paci tor  and  the  kT  is  the  thermal  voltage 
(Ref  11:76).  Figure  II-6  shows  the  effect  of  the  clock 
frequency  on  the  output  signal. 


Figure  II-6  Clock  frequency  versus 


distortion  on  output 


As  it  is  seen  from  Eqs.  2-3  and  2-4,  the  filter 
bandwidth  can  be  adjusted  by  either  changing  the  clock 
frequency  or  the  capacitor  ratios.  This  situation  was 
observed  for  different  clock  frequencies  and  different 
capacitor  ratios.  Figure  II-7  shows  the  frequency  response 
of  the  SC  filter  realizing  Eq.  2-1  for  the  clock  frequency 
of  100  Khz. 


Effect  of  different  clocking  schemes 

The  experiment  was  conducted  using  two  different 
clocking  schemes.  The  first  scheme  was  such  that  all 
switched  capacitors  were  clocked  in  phase  while  the  second 
was  such  that  every  other  switched-capacitor  was  clocked  180° 
out  of  phase,  as  illustrated  in  Figure  II-8. 


Figure  II-8  Two  different  clocking  schemes  for  SC 


filter. 

The  results  of  the  experiment  indicated  that  there  was 
no  significant  change  in  the  magnitude  response  due  to  the 
use  of  different  clocking  schemes.  However,  the  output 
signal  of  the  filter  using  the  first  clocking  scheme  was 
distorted. 

Two  pictures  were  taken  to  illustrate  the  effects  of 
the  two  different  clocking  schemes.  Figure  II-5  shows  input 
output  relationship  for  the  first  clocking  scheme  and 


Figure  II-9  for  the  second  clocking  scheme.  The  top  trace 
shows  input  signal  and  the  bottom  trace  shows  output  of  the 
filter.  There  is  more  noise  on  the  output  signal  of 
Figure  II-5  as  indicated  earlier. 


Figure  II-  9  Input-output  relatioship  of  SC 

filter  using  the  second  clocking 
scheme. 

Effect  of  stray  capacitance 

Any  floating  capacitor  (C)  of  an  SC  filter  gives  rise 
to  stray  capacitances  between  the  capacitor  electrodes  and 
ground.  As  illustrated  in  Figure  11-10  the  capacitance  C-, 
from  the  bottom  electrode  to  ground  is  typically  between  5 
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to  20  percent  of  the  main  capacitance  C  .  The  capacitance 

^2  from  the  top  electrode  to  ground  is  between  0,1  to  1 

percent  of  the  C  .  To  eliminate  the  effects  of  the  stray 

capacitances  the  bottom  electrodes  of  all  capacitors  should 

be  connected  to  a  voltage  source  or  a  real  or  virtual  ground 

(Ref  6).  The  experiment  was  conducted  with  all  capacitors 

grounded  to  prevent  any  degradation  in  the  filter 

« 

realization  due  to  stray  capacitance  effects. 


Figure  11-10  Stray  capacitance 
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ANALX3IS  AND  DESIGN 

The  recent  interest  in  the  design  of  SC  networks  has 
been  motivated  by  the  goal  of  realizing  an  active  filter  on 
a  chip.  Most  efforts  have  been  directed  to  the  realization 
of  resistors  connected  to  capacitors,  by  SC  combinations.  A 
challenging  question  that  comes  to  mind  is  whether  inductors 
can  also  be  simulated  by  active  SC  combinations. 


Figure  III-1  a)  a  capacitor  b)principle  of  obtaining 


SC  inductor  c)  SC  inductor  d)  equivalent 
circiut  of  (c) 


Consider  the  capacitor  C  shown  in  Figure  Ill-la,  the 
incremental  charge  q(t)  stored  at  any  time  t  can  be 
expressed  in  terms  of  the  current  i(t)  and  the  voltage 
v  ( t ) : 

t 

q(  t)  =  f  i(t)dt  =  C  v ( t )  -  C  v(0)  (3  -  1) 

o 

where  v(0)  represents  the  voltage  across  the  capacitor  at 
time  tsO.  Assuming  now  that  the  capacitor  is  not  charged 
continuously  but  in  surges  of  i(n  t  )  (t-n  t  )  t  ,  after 
every  interval  t  ,  where  tq  is  a  unity  time  constant  that 
is  required  to  maintain  the  proper  dimensions  in  the  charge 
equation,  and  (t-n;  )  is  the  Kronecher  delta  sequence, 
then  it  can  be  shown  that  (Ref  10:77)  the  nodal  charge 
equation  is  given  by 
« 

i(t)  =  —  [ v ( t )  -  v(t  -  T>]  (3  -  2) 

To 

Consider  the  relation  between  current  i  and  voltage  v  for 
the  capacitor  C  shown  in  Figure  Ill-la  is 


i(t) 


dv(t) 

dt 


(3  -  3) 


If  the  capacitor  is  assumed  to  be  a  discrete-time  system  and 

» 

the  sampling  period  t  is  much  smaller  than  the  signal 
period,  it  can  be  assumed  that  the  current  does  not  change 


during  t  .  Hence  it  is  possible  to  replace  the  continuous- 
time  derivative  in  Eq.  3-3  by  a  finite-difference  form  of 


the  derivative;  i.e  at  time  t  =  n  t  ,  the  current  is 


i(»t>  ,  c 

T 


(3  -  4) 


where  v(nT)  and  v[(n-1)r]  are  two  adjacent  time  samples 
of  the  voltage. 

By  similar  reasoning  it  readily  follows,  that  the 
charge  equation  for  an  inductor  is  given  by 


v(t)  =  —  [i(t)  -  i ( t  -t  )]  (3  -  5) 

T 

o 

This  can  be  simulated  using  swi tched-capaci tor s 
(Ref  12)  if  we  can  obtain  a  building  block  that  yields  the 
equation 

v(t)  =  —  [i(t)  -  i(t  -  t )]  (3-6) 

C 


in  this  case  the  equivalent  inductor  has  the  value 


L 


eq 


(3  -  7) 


with  t  :  nT  ,  the  difference  equation  of  Eq.  3-6 
corresponds  to  the  configuration  given  by  Figure  Ill-lb. 
This  configuration  can  be  realized  by  the  active  network 


O 


m 

,  • , 


i 


shown  in  Figure  III-lc  (Ref  12).  The  switches  se  and 
are  closed  during  even  and  odd  times  n  respectively. 

In  Figure  III-lc  the  capacitor  stores  the  charge 
C^in^n)  and  converts  it  into  a  current  which  is  delayed 
and  inverted  at  C2  .  The  capacitor  C3  then  integrates  the 
difference  between  the  direct  and  the  delayed  current 
component  according  to  the  nodal  charge  equation  given  by 
Eq.  3-6. 


The  equivalent  circuit  of  Figure  III-lc  can  be  obtained 
as  in  Figure  Ill-Id.  The  analysis  is  similar  to  that  of  RC 
equivalent  of  an  inductor.  RC  equivalent  of  Figure  III-lc 
is  as  in  Figure  III-2. 


On  Figure  III-2 


t? 

L-> 

£ 

Yj 

i 

•  • 
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k; 
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zin  =  - 


the  current  balance  at  node  is 
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(3  -  8) 


-  -1 


where 


therefore, 


I  =  I 


1  +  I2 


(3  -  9) 


Ii  = 


vi  -  va  Vi 


(3  -  10) 


lo  = 


vi  -  v< 


(3  -  ID 


*1 


vi  Vi  -  v0 


(3  -  12) 


vo  =  Vi 


Rl  CS 


(3  -  13) 


i  s  Ii  ♦  Ii  +  Ii  (  1  ) 

R-l  R2  R2  R*|CS 


11  1  - 
=  ( —  +  —  + - ) 

R!  r2  R-j  r2cs 


(3  -  14) 


R«|R2CS  r1r2cs 

Zi  1  +  R-jCS  +  R2CS  1  +  (R-l  +  R2)CS 


(3  -  15) 


III  -  5 


Zj,  for  the  circuit  in  Figure  Ill-Id  is 


(3  -  16) 


1  +  sLgg/Rgg 


Equating  Eqs.3-15  and  3-16,  we  get 


R^C  =  L 


CR-t  R2)  C  =  L/R 


from  these 


Leg  =  RiR2c 

Reg  =  R1  //  «2 


(3  -  17) 
(3  -  18) 


T  o  T  o 

If  R-|  is  replaced  by  —  ,  R2  by  — —  and  C  by  C 2 

Cl  c3 

then 


‘eg  =  ~T  2 
C1C3 


(3  -  19) 


‘eg  - 


Cl  +  C3  -  CiC3/C2 


(3  -  20) 


A  SC  resonant  circuit  was  built  by  replacing  inductor 
and  resistor  with  their  equivalent  SC  circuits  (Ref  12). 
The  SC  circuit  (Figure  III-3)  was  designed  using  DG 1 8 1 
SPST  (Single  pole  single  throw)  switches,  S N7 2 7 4 1  op-amp, 
and  capacitors  whose  values  are  shown  in  Table  III-1.  Based 
upon  these  values  and  Eqs.  3-17,18,  the  SC  resonant  circuit 


simulated  a  series  resistor  of  28749  ohms,  a  parallel 
inductor  of  11.2  mH,  a  parallel  capacitor  of  2.579  y F  and  a 
parallel  resistor  of  3157  ohms. 


Table  III-1 

:  yalnsa  Isr  ££ 


£aj2a£i£an£££ 

c 

2.579 

uF 

Co 

2.174 

nF 

ct 

10.4 

nF 

C  2 

0.28 

nF 

C3 

9.4 

nF 

The  pin  description  and  electrical  characteristics  of  these 
chips  are  listed  in  Appendix  D.  The  experiment  was 
conducted  at  a  clock  frequency  of  16  Khz. 


Figure  III-3  Analog  resonant  circuit 


Figure  III-4  SC  resonant  circuit 


The  observed  frequency  responce  (Figure  III-5)  of  the 
SC  circiut  had  a  sharp  peak  at  1050  Hz  and  half  power 
point  at  1000  Hz  and  1100  Hz.  Figure  III-6  shows  the 
theoretical  frequency  response  of  the  corresponding  analog 
resonant  circuit.  Overlooking  the  small  discrepancy  at 
resonant  frequency,  there  is  agreement  between  the 
frequency  responses  of  the  SC  circuit  and  corresponding 
analog  circuit.  This  dicrepancy  is  due  to  the  parasitic 
capacitances  introduced  by  the  discrete  components  and  non¬ 
ideal  characteristics  of  the  SC  circuit  elements. 
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Figure  III-7  shows  input  (upper  trace),  outpu 
trace)  waveforms  at  resonant  frequency  (1050  Hz). 
Figure  1 1 1- 3  and  III- 9  shows  the  same  waveforms  at  850  Hz 
and  1150  Hz  input  signal  frequency  respectively. 


wvw 

vww 


Figure  III-7  Input  (  upper  trace)-  output  (lower 

trace)  waveforms  of  SC  resonant 
circuit  at  resonant  frequency. 


Ill  -  10 


Figure  III-8  Input  (upper  trace)-  output 
(lower  trace)  waveforms  of 
SC  resonant  circuit  at  850 
Hz  input  frequency. 


Figure  III-9  Input-Output  waveforms  of  SC 

circuit  at  1 ; 50  Hz  input  signal 


clock  frequency.  Based  upon  these  values  and  Eqs.  3—17,18, 
the  SC  low-pass  filter  simulated  a  series  resistor  of  132 
ohm,  a  series  inductor  of  2.37  H  and  a  parallel  capacitor 
of  9.47  nF.  Figure  III-14  shows  the  theoretical  frequency 
responce  of  the  analog  circuit.  Observed  frequency  responce 
of  the  SC  circuit  (Figure  III-13)  and  Figure  III-14 
indicate  an  agreement  between  theory  and  experiment. 


CHAPTER  IV 
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ANALYSIS  ME  DESIGN 

One  of  the  more  important  applications  of  the  SC 
circuits  is  the  realization  of  adaptive  systems  such  as  SC 
synchrous  demodulators,  channel  equalizers,  and  tracking 
filters.  There  are  many  applications  for  synchronous 
demodulator,  such  as  AM  detection,  FM  detection,  and  phase 
detection.  The  SC  synchronous  demodulators  are  also  useful 
to  find  real  and  imaginary  components  of  a  given  system 
transfer  function.  A  synchronous  demodulator  is  easily 
realized  using  a  SC  low-pass  filter  which  has  only  switched 
feedins.  The  paper  by  Martin  and  Sedra  proposed  a  design 
for  a  SC  demodulator  using  MOS  transistors  as  switches 
(Ref  7). 
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Figure  IV-1  Proposed  SC  demodulator 
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The  basic  theory  of  operation  of  the  proposed  SC 
demodulator  is  to  switch  0 -j  and  02  at  input  of  the  SC  low- 
pass  filter.  Alternating  between  01  and  02  is  equivalent  to 
multiplying  the  input  signal  by  +1  and  -1  before 
applying  it  to  the  low-pass  filter.  The  basic  principles  of 
the  sampled  data  demodulation  technique  is  presented  in 
Appendix  C. 

The  Figure  IV-1  can  be  realized  by  using  analog 
switches  in  place  of  MOS  transistors.  For  proper  operation 
of  the  proposed  demodulator,  the  input  signal  must  be 
sampled  and  then  held  constant  for  a  full  period  (Ref  7). 
This  eliminates  any  errors  caused  by  the  half  period 
sampling  time  difference  between  0-|  and  02*  The  circuit 
that  accomplishes  this  is  called  a  sample  and  hold  circuit. 

Sample  and  hold  circuit 

This  circuit  can  be  realized  using  analog  switches,  a 
flip-flop  and  a  unity  gain  buffer  which  has  high  input 
impedance  and  a  high  slew  rate  As  illustrated  in 
Figure  IV-2,  when  Q  is  high  ,  the  modulated  input  will  be 
sampled,  and  C2  will  charge  while  C-|  charges  or  discharges 
through  the  op-amp  input  impedance.  Since  the  op-amp  has 
high  input  impedance,  the  rate  of  discharge  will  be  very 
small.  When  Q  goes  low,  the  modulated  input  will  be  sampled 
and  C1  will  charge  or  discharge  while  C2  is  connected  to  op- 
amp  input.  Since  the  clock  applied  to  D  flip-flop  is 
either  4  ^  or  02»  the  operation  of  the  circuit  will  be  in 


sync  with  0-]  or  02*  The  values  of  C-|  and  C2  will  determine 
the  time  elapsed  during  charging  of  the  capacitors.  A 
typical  value  used  for  C-j  and  C2  is  on  order  of  1  p  F. 

Switching  phases 

Switching  0^  and  02  at  the  input  of  low-pass  SC  filter 
can  be  accomplished  using  an  analog  switch  (see  Figure  IV- 
3).  When  input  is  a  leading  edge-triggered  carrier  signal, 
01  is  output  from  pins  2  and  5,  while  02  is  output  from 
pins  10  and  13.  When  input  is  a  trailing  edge- tr i ggered 

carrier  signal,  02  is  output  from  pins  2  and  5,  while  0i  is 
output  from  pins  10  and  13.  These  outputs  will  be  applied 
to  the  SC  low-pass  filter  (Figure  IV-4)  to  control  the 
switching  action  at  the  input  of  the  filter.  As  it  was 
mentioned  before  ,  the  carrier  must  be  a  square  wave  for  the 
proper  operation  of  the  proposed  SC  demodulator. 


MODULATED  INPUT 


Figure  IV  -  3  Switching  Circuit 


Filter 
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A  sample  and  hold  circuit,  switching  circuit  and  SC 
low-pass  filter  were  built  using  a  50  Khz  clock  frequency. 
The  experiment  was  conducted  for  lower  clock  frequencies, 
but  the  output  waveform  was  distorted.  The  sample  and  hold 
circuit  was  built  using  a  SN7474  for  the  D  flip-flop,  a 
SN72741  for  the  op-amp  and  a  DG303  for  the  analog  switch. 
The  DG303  is  a  single  pole  double  throw  analog  switch.  A 
detailed  description  of  it  is  given  in  the  Appendix  D.  The 
values  used  for  capacitor  was  1,023uF  and  for  the 
capacitor  C2  was  0,969yF.  The  switching  circuit  was  built 
using  a  DG303.  The  SC  low-pass  filter  was  built  using  a 
SN72741for  the  op-amp  and  a  DG 1 8 1  for  each  analog  switch. 
The  DG181  is  a  single  pole  single  throw  switch.  The  values 

1  000  pF,  100  pF,  0,01uF  were  used  for  C -| ,  C2,  and  C3 
respectively.  The  modulated  input  signal  was  generated  by 
using  a  WAVETEC  20  Mhz  AM/FM/PM  generator  model  148. 

For  the  modulated  input  signal,  a  200  Hz  sine  wave 
modulated  a  high  frequency  sine  wave  carrier.  Figure  IV-6 
shows  the  modulating  signal  (upper  trace)  and  the  carrier 
used  for  demodulation.  The  experiment  was  conducted  for 
carrier  frequencies  of  100  Khz,  1  Mhz,  5  Mhz  and  6  Mhz.  A 
clear  demodulated  output  was  observed  at  5  Mhz  and  6  Mhz. 
The  output  was  unrecognizably  corrupted  by  noise  at  100  Khz 
and  1  Mhz.  Distortion  occured  when  the  carrier  frequency 
for  modulation  differed  from  the  carrier  reference  at  the 
demodulator.  The  cutoff  frequency  of  the  SC  low-pass  filter 


was  choosen  as  225  Hz.  That  can  be  changed  by  changing  the 
values  of  C1f  C2,  C3. 

The  experiment  was  conducted  for  different  modulation 
indices  of  input  signal.  It  was  observed  that,  for  a  higher 
modulation  index  less  distortion  occured.  Figure  IV-6  shows 
100  percent  modulated  signal  (upper  trace)  and  demodulated 
signal  (lower  trace).  Figure  IV-7  shows  30  percent 
modulated  signal  (upper  trace)  and  demodulated  signal 
(bottom  trace) . 


and  SC  demodulator  carrier. 
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Figure  IV-6.  100  percent  modulated  input  signal 

(top  trace)  and  demodulated  signal 


Figure  IV-7  30  percent  modulated  input  signal 
(top  trace)  and  demodulated  signal 
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CHAPTER  V 


CONCLUSIONS  AN£  RECOMMENDATIONS 


OOMOLilSIMS 

In  this  study  SC  application  of  band  elimination 
filter,  simulation  of  inductors  and  realization  of  SC 
synchronous  demodulator  were  experimentally  investigated. 
For  this  purpose  different  technical  papers  claiming 
different  characteristics  about  these  circuits  were 
examined.  On  the  basis  of  the  research  performed,  the 
following  conclusions  are  made  : 

1.  RC  filter  characteristics  can  be  duplicated  using 
switched-capacitors  in  place  of  resistors. 

2.  For  proper  operation  of  the  SC  circuits,  the 
clock  frequency  must  be  much  higher  than  the  maximum 
signal  frequency. 

3.  The  SC  filter  bandwidth  can  be  changed  either  by 
changing  clock  frequency  or  capacitor  ratios. 

4.  Noise  due  to  the  amplifiers  and  the  switches  can 
be  minimized  by  increasing  clock  frequency  and 
capacitor  sizes. 

5.  The  stray  capacitance  between  lower  plate  of  the 
capacitor  and  ground  can  be  minimized  either  by 
grounding  the  lower  plate  or  by  switching  the  both 
sides  of  the  capacitor. 


6.  For  a  SC  demodulator,  the  carrier  frequency  must 
be  much  higher  than  the  modulating  signal  frequency. 

7.  SC  resonant  circuit  which  was  built  using  SC 
circuits  in  place  of  resistors  and  inductor  gave 
sharp  peak  at  resonant  frequency,  as  analog  circuit. 

Based  on  the  results  obtained  in  th.is  study,  the 
following  recommendations  are  suggested  : 

1.  For  the  clock  circuit  built  ,  the  overlaping  time 
of  phase  one  (0-|)  and  phase  two  (02^  was  1/8  of  the 
clock  period.  In  order  to  improve  the  circuit 
performance,  further  study  could  be  performed 
investigating  the  effect  of  varying  this  parameter. 

2.  Analog  switches  were  used  throughout  the 
experiment.  The  experiment  could  be  performed  using  MOS 
transistor  switches  for  the  same  purpose  to  investigate 
circuit  performance. 

3.  As  op-amp,  SN72741  was  used  throughout  the 
experiment.  For  high  frequency  applications  ,  op-amps 
which  have  better  high  frequency  characteristics 
could  be  used. 

4.  The  experiment  in  Chapter  II  was  conducted  for 
just  band  elimination  filter.  That  shoud  be  expended 
for  all  kinds  of  filters  (bandpass,  lowpass, 
notch,  etc...). 


L 


5.  One  of  the  important  applications  of  the  SC 
demodulator  is  to  measure  the  quadrature  components  of 
the  given  system  transfer  function.  This  aspect  of  SC 
technique  could  be  investigated. 

6.  Major  application  areas  of  the  SC  circuits  are 
filtering,  A/D  or  D/A  conversion  and  realization  of 


adaptive 


systems.  For  this  experimental 


investigation,  SC  application  of  filters,  an  adaptive 
system  and  simulation  of  inductor  were  investigated. 
This  experiment  can  be  expended  to  SC  application  of 
A/D,  D/A  conversion  technique, signal  processing 
technique  and  realization  of  other  adaptive  systems 
such  as  channel  equalizer  phase  lock  loop,  tracking 
filter. 
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QZMIIQ&  QE  Sm£jiEfi=£A£A£IIQfiS 


The  basic  principle  of  the  switched-capacitor  (see 
Figure  A-1)  resistor  is  to  transfer  a  charge  from  point  A 
to  point  B  by  charging  the  capacitor  at  point  A  and  then 
discharging  it  through  point  B. 


Figure  A-1  Basic  switched-capacitor  circuit. 


The  analysis  of  the  circuit  (Ref  1:409)  is  performed 
by  first  examining  its  behaviour  when  the  switch  is  in 


position  A  and  then  in  position  B. 

Let  us  first  assume  that  the  input  voltage  v 


1  is 


constant  and  the  switch  is  initially  in  the  position  A. 
The  capacitor  Cp  will  thus  be  charged  to  the  voltage  v-|. 
This  charging  process  is  extremely  fast  relative  to  the 
switching  cycle.  For  most  practical  purposes,  it  is  assumed 
that  the  capacitor  is  charged  instantaneously  to  the  input 
voltage  Vj#  This  is  the  case  for  an  ideal  switch.  It  is 
also  assumed  that  the  period  of  the  clock  which  drives  the 


A  -  1 


V.V.V  V. 


switch  is  small  enough  so  that  the  input  signal  (v^  does 

not  appear  to  change  during  one  period  of  the  clock.  Thus, 

even  if  the  input  voltage  v1  is  a  function  of  time,  the 

capacitor  appears  to  instantaneously  charge  to  v-j  as  if  we 

had  an  ideal  switch  connection. 

If  the  switch  is  now  changed  to  position  B,  the 

dq 

capacitor  discharges  at  rate  ^  which  is  dependent  upon 

the  load  impedance  ZL.  Thus,  V2  is  a  time  varying  signal 

dq 

whose  amplitude  depends  upon  Zi  ^ 

The  capacitor  is,  thus  first  charged  to  v-j  by  the  input 
signal,,  and  then  discharged  to  v2  at  the  output  end,  in  one 

i 

period  of  the  two  phase  clock.  Moreover,  this  process  is 
repeated  in  each  period  of  the  clock.  There  is  thus  a  net 


igure  A-2  Equivalent  circuit  of  Figure  A-1 . 


then 


i ( t )  =  --  (v-j  -  Vo) 
Rc 


(A  -  3) 


By  equating  the  Eqs.  A-2  and  A-3,  the  size  of  such  an 
equivalent  resistor  which  yields  the  same  value  of  current, 
during  this  same  time  interval,  is 


Rc  = 


v!  ~  v2 


CR  fccR 


(A  -  4) 


where  fQ  i3  the  clock  frequency.  Detailed  circuit  design 
of  two  phase  non-overlaping  clock  is  given  in  Appendix  B. 

For  the  approximation  of  Eq.  A-2  to  be  valid,  the 
switching  frequency  fc  be  much  larger  than  maximum 
frequency  of  v^(t)  and  v2(t)  as  in  the  case  for  voice 
processing  filters.  The  switched  capacitor  may  then  be 
regarded  as  a  direct  replacement  for  the  resistor. 


A  .*  •' . 
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APPENDIX  B 


TWO  M<2N=QM£fiLA£EING.  £LQ£K 


The  two  phase  non-overlapping  clock  which  was  used  for 
all  of  the  experiments  was  designed  using  a  four-stage 
Johnson  octal  counter  (  MC  14022  )  so  that  multiple  phases 
could  be  produced  as  necessary.  Appendix  D  shows  pin 
configuration  and  functional  waveforms  of  the  Johnson 
counter.  The  Johnson  counter  has  eight  decoded  outputs. 
For  the  clock  circuit,  eight  of  them  were  used,  to  produce 
two  phases  with  1/8  of  the  period  of  overlapping  time. 
Depending  on  the  application,  this  overlapping  time  can  be 
increased  by  letting  the  counter  count  until  certain  number 
and  reset. 


Figure  B-1  Overlapping  time  of  the  phases 


On  the  clock  circuit  (Figure  B-2),  the  schmith  invertor  was 
used  instead  of  normal  invertor  to  get  rid  of  transient 
spikes  produced  during  the  clock  pulses. 


Twd  phase  non-overlapping  Clock  Circuit. 


How  to  change  clock  frequency 

The  clock  frequency  can  be  changed  by  changing  the 
frequency  of  the  output  of  the  MC1555  timer.  This  is 
accomplished  by  changing  the  values  of  R  B>  ra>  or  C  on  the 
circuit  of  the  timer.  These  component  values  are  related  to 
the  timer  period  by  the  relatioship  : 

T  =  0.693(Ra  +  2Rb)C  (B  -  1) 

For  example  :  if  fc  =  10  Khz  clock  frequency  is  needed  and 
if  eight  counts  are  used,  then  the  frequency  of  the  output 
of  the  MC1  555  timer  is  going  to  be  8x10  =  80  Khz  or 

T  s  1  = - 1 — .  =  12.5  v  sec  (B  -  2) 

f  80  x  10j 


using 

RA  =  RB  =  25  k-ohms  (B  -  3) 

then  the  capacitor  value  needed  is  240  pF. 

Figure  B-3  shows  typical  waveforms  of  phase  one  (0-j) 
and  phase  two  ( 02 )•  The  signal  frequency  is  3333,3  Hz. 


Figure  3-3.  Clock  phases. 


Horizontal:  0.2  ras/div 
Vertical:  5  V/div. 
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APPENDIX  C 

SAMPLED  mu  demodulation 


If  samples  completely  specify  a  signal,  it  should  be 
possible  to  recover  the  signal  from  the  samples.  This  is 

the  demodulation  process  required  for  sampled  data  or  pulse 

•  ■» 

modulation  systems.  One  of  the  main  characteristics  of  the 
demodulation  is  to  use  the  same  carrier  frequency  for  the 
modulation  and  demodulation.  A  simpler  form  of  demodulation 
is  to  pass  the  sampled  signal  through  a  low-pass  filter  of 
bandwidth  f  (maximum  signal  frequency)  hertz  (Ref  14:99). 
This  is  shown  in  Figure  C-1. 


rioJ> 


Figure  C-1.  Sampled  data  demodulation  using  low-pass 
filter.  (a)fSampling  =  2fm  ( b) f sampling 


If  we  sample  at  exactly  the  Nyquist  rate  (fsampiin(r  - 
2  f  m )  the  filter  required  must  have  ideal  cutoff 
characteristics,  as  shown  in  Figure  C-la  (Ref  14:99).  This 
requires  an  ideal  filter-  an  impossibility  in  practice.  A 
practical  low-pass  filter  with  sharp  cutoff  characteristics 
could  of  course  be  used,  with  resulting  complexity  in  filter 
design  and  some  residual  distortion.  This  situation  can  be 
relieved  somewhat  by  sampling  at  higher  rate,  as  shown  in 
Figure  C-lb.  A  guard  band  is  thus  made  available  and  the 
filter  requirements  are  less  severe:  the  filter  cutoff 
between  f  and  ^sampling  “  ^m  >  anc*  the  attenuation  at 
f sampling  -  I'm  bein6  some  prescribed  quantity  measured  with 
respect  to  the  passband. 
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INJ£QRA1£D  CIECHIJ  DATA  £H££I3 

This  section  contains  data  sheets  for  the  principle 
integrated  circuits  which  were  used  throughout  the  experi¬ 
ment.  The  data  sheets  contain  electrical  characteristics 
and  pin  configurations  for  each  chip.  Included  in  this 
section  are  data  sheets  for  each  of  the  following  integrated 
circuit  chips  : 

1.  MC14022  Johnson  Octal  Counter  (Ref  1  5  :  (7-7 1 ; 7-7  5) ) 


2. 

555 

Timer 

(Ref 

16: 

1-4) 

3. 

DG181 

Analog  Switch 

(Ref 

17: 

( 3-42; 3-44)  ) 

4. 

DG303 

Analog  Switch 

(Ref 

17: 

(3-79; 3-30)) 

(Ref  1 8 : ( 3-34 ; 3-35 ) ) 


5.  SN72741  Operational  Amplifier 


1 

/ 

MC14022AL  \ 

COUNTER 

a 

MC14022CL 

MC14022CP 

3 

3 


OCTAL  COUNTER /OLIVER 

The  MCI 4022  is  *  foot  stage  Johnson  octal  counter  with  built-in 
,  u»U»  converter  Mnjh  stated  operation  .mm!  spike-free  outputs  are  ob 
i ,»»» 'i'll  ny  use  >  a  JetuiMM  (KUl  t.ouuiei  design  The  eiyht  decoded 
oui(Kits  are  normally  low.  ind  go  high  only  at  their  appropriate  octal 
ume  period  The  output  changes  occur  on  the  post  live -go  mg  edge  of 
me  clock  pulse  This  part  can  be  u*d  m  frequency  division  appli¬ 
cations  as  well  as  octal  counter  or  octal  decode  display  applications 

•  Folly  Static  Operation 

•  DC  Clock  input  Circuit  Allows  Slow  Rise  Times 

•  Carry  Out  Output  for  Cascading 

•  12  MHz  Itypicall  Operation  <0  Vqq  -  10  Vdc 

•  Divide  by  N  Counting  when  used  with  MC 14001  NOR  Gate 

•  Pin  for  Pin  Replacement  for  CD4022A 


McMOS 

(LOW  POWER  COMPLEMEN  <  ARY  MOSV 

OCTAL  COUNTER/UI VIOER 


.10$  -f/01 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


>'  SUFFIX 

Pi  C  PACKAGE 

<*se  c«e 


FUNCTIONAL  TRUTH  TABLE 


MA  XI MUM  R  A  TINGS  <  Vou*|n>  reffienu.ii  to  Vrc.  Pm  81 
■ - -  - -  ■  ■  ■  ~  -  ■  i - ■— r  — 


Rating 

Symbol 

Value 

Unit 

in  Voile*!  MCI  40  22 A  L 

MC14022CL/CP 

VD0 

•  tb  to  -0  !> 

♦It>  to  -0  5  i 

VJ.. 

1  . '•Itiur.  All  t  i|Mil\ 

V,T, 

V(j(,  lo  0  5 

V«fc 

III  1  1  IXllllI  J..-I  Pill 

1 

10 

mAdc 

0(ii  ' Jli-H)  Ti'ltlurtilbll'  H#iije 

-  MC14022AL 

-  MC14022CUCP 

rA 

-55  to  ♦  125 
-40  to  *85 

°C 

■>i *•!«<}'  t«-m|ireei.«rH  ‘tew#* 

_ 1 LiS _ 

-65  to  ♦  150 

°C 

IPO*»liVl?  llXJn  I 


CLOCK 

CLOCK 

enable 

REM 

OUTPUT  ■  n 

Q 

X 

»> 

n 

X 

1 

0 

n 

0 

ii 

n»  i 

*>_ 

X 

u 

n 

1 

— \_ 

0 

«•  1 

X 

_ r 

0 

n 

X 

X 

1 

_ _ 

X  Don't  C«r*  1 1  n<  4  Ca< » v  1  Otnerwise  •  0 


BLOCK  DIAGRAM 


This  device  contains  circuitry  to  protect 
the  inputs  a^mst  damage  due  to  high  static 
voitagsi  or  electric  fields,  nowev# r.  ii  n 
•dvrsed  that  normal  preceu >.om  be  taken 
to  avoid  application  of  an*  .image  higher 
than  maximum  ratad  von**  %  to  this  high 
impedance  circuit  For  pn>i»  <  iparation  it 
is  recommended  that  v,n  md  v0ut  be 
constrained  to  the  range  v.;s  <  iVin  or 
VoutfO'OD 

Unused  inputs  must  nwevi  n*  tied  to  an 
appropriate  logic  voltage  iev.-i  i«  g  .  either 
Vjgor  V00l. 


7-71 


ftlt*v<i*“R^£ 

f  Reproduced  (rom 

\beM  available  copy_3y 


M 


D 


2 


FIGURE  3  -  AC  MEASUREMENT  DEFINITION  AND  FUNCTIONAL  WAVEFORMS 
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DESCRIPTION 

The  NE/SE  555  monolithic  timing  circuit  is  a  highly  stable 
controller  capable  ot  producing  accurate  time  delays,  or 
oscillation.  Additional  terminals  are  provided  lor  triggering 
or  resetting  if  desired.  In  the  time  delay  mode  of  operation, 
the  time  is  precisely  controlled  by  one  external  resistor  and 
capacitor.  For  a  stable  operation  as  an  oscillator,  the  free 
running  frequency  and  the  duty  cycle  are  both  accurately 
controlled  with  two  external  tesistoV.  and  one  capacitor. 
The  circutt  mjy  tic  trigger  c.l  and  reset  on  falling  waveforms, 
and  the  output  structure  can  source  or  sink  up  to  200mA 
or  drive  TTL  Circuits. 

FEATURES 

•  TIMING  FROM  MICROSECONDS  THROUGH  HOURS 

•  OPERATES  IN  BOTH  ASTABLE  AND  MONOSTABLE 
MODES 

•  ADJUS  TABLE  DUTY  CYCLE 

•  HIGH  CURRENT  OUTPUT  CAN  SOURCE  OR  SINK 
200mA 

•  OUTPUT  CAN  DRIVE  TTL 

•  TEMPERATURE  STABILITY  OF  0.08%  PER  “C 

•  NORMALLY  ON  AND  NORMALLY  OFF  OUTPUT 


PIN  CONFIGURATIONS  (Top  View) 


T  PACKAGE 


1.  Ground 

2.  Triog m 

3.  Output 

4.  Rn« 


ORDER  PART  NOS.  S6555T/NV:  .<d5T 


V  PACKAGE 


Ground 

Tr.Mor 

Output 

Rmot 


VCC 

Oisih«rg« 
Thrvchofd 
Control  Voit*o» 


ORDER  PART  NOS.  S6566WNE‘>SSV 


APPLICATIONS 
PRECISION  TIMING 
PULSE  GENERATION 
SEQUENTIAL  TIMING 
TIME  DELAY  GENERATION 
PULSE  WIOTH  MODULATION 
PULSE  POSITION  MODULATION 
MISSING  PULSE  DETECTOR 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  +18V 

Power  Dissipation  600  mW 

Operating  Temperature  Range 

NE555  0°C  to  +70°C 

SE5S5  65°C  to  +125°C 

Storage  Temperature  Range  u5°C  to  M60°C 

Lead  Temperature  (Soldering,  60 seconds)  +300°C 


BLOCK  DIAGRAM 
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SIGNETICS  TIMER  ■  555 


TYPICAL  CHARACTERISTICS 


SIGNETICS  iiVltR  ■  555 


MINIMUM  PULSE  WIDTH 
REQUIRED  FOR  TRIGGERING 


BHa 
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LOW  OUTPUT  VOLTAGE 
vs  OUTPUT  SINK  CURRENT 


\WmwA 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


SUPPLY  VOLT^M  - 

HIGH  OUTPUT  VOLTAGE 
vs  OUTPUT 
SOURCE  CURRENT 
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LOW  OUTPUT  VOLTAGE 
vs  OUTPUT  SINK  CURRENT 


LOW  OUTPUT  VOLTAGE 
vs  OUTPUT  SINK  CURRENT 
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DG180-DG191  Series 


High>Speed  Driver  with 
JFET  Switches  designed  for ... 


B 

Siliconix 


■  Fost  Acquisition  Speed  in  benefits 

Sample  and  Hold  Circuits  .  _ _ 

■  Low  Leakage  Switching 

Applications  i.e.  Sample  and  •  Increased  Currant  Handling  Capabilities 

Hold  Circuits  200  mAMenunum  Switching  Current 

•  Higher  Bandwidth  Switching  Capabilities 

■  High  Freguency  Signal  c»m  Tain  and  off  isolation  >  55  <ib 

e  .  ,  w.  j  e.  ■  at  1  MM/  (75 0  Load) 

Switching  such  as  Video  Signals  .  , . . 

■  Low  Distortion  Switching.  D“ 

Audio  Signals  *  Less  Signal  Distortion  than  CMOS  or  PMOS 

S  Wt  I  ch 

■  Low  Level  Switching  in  Low  Constant  ON  Resistance 

Impedance  Circuits  *  sL£.Vo,M* 0,op Acr0” Switch in *• ON 

■  Fast,  Low  Resistance  D/A  ,d,lon,oon 

Ladders 

DESCRIPTION 

The  OG180  series  contains  two  to  four  N-channel  junction-type  field-effect  transistors  (JFET)  designed  to  function  as 
electronic  switches.  Level-shifting  drivers  enable  low-level  inputs  (0.8  to  2.0  V)  to  control  the  ON-OFF  state  of  each  switch. 
The  driver  is  designed  to  provide  a  turn-off  speed  which  is  faster  than  turn-on  speed,  so  that  break-before-make  action  is 
achieved  when  switching  from  one  channel  to  another.  In  the  ON  state  each  switch  conducts  current  equally  well  in  either 
direction.  In  the  OFF  condition  the  switches  will  block  voltages  up  to  20  V  peaktopeak.  Switch-OFF  input-output  feed¬ 
through  is  >  60  d8  at  10  MHz,  because  of  the  low  output  impedance  of  the  FET-gate  driving  circuit. 


FUNCTIONAL  DESCRIPTION 


PART 

NUMBER 

TYPE 

mK> 

0G180 

Dual  SPST 

10 

0G181 

Dual  SPST 

30 

OG183 

Dual  SPST 

75 

OG183 

Duel  DPST 

10 

OG184 

Dual  DPST 

30 

0G188 

Dual  DPST 

75 

0G186 

SPOT 

10 

OG187 

SPOT 

30 

DG1ES 

SPDT 

75 

DG196 

Dual  SPOT 

10 

0G190 

Oual  SPOT 

30 

0G191 

Dual  SPOT 

75 

Siliconix 
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Flat  Package 


Oual-ln-Lina  Package 


DUAL  SPST 


LOGIC 

SWITCH 

0 

ON 

1 

OFF 

SWITCH  STATES  ARE 
FOR  LOGIC  "1"  INPUT 
(POSITIVE  LOGIC) 


ORDER  NUMBERS: 
0G180AA  OR  DG180BA 
OG1S1AA  OR  OG181BA 
OG1S2AA  OR  OG182BA 
SEE  PACKAGE  2 
'Common  to  Subttrata  and  Casa 


OROER  NUMBER: 

□G1S1AL 
SEE  PACKAGE  S 

‘Common  to  Subttrata  ano  Basa  of  Packaaa 


Toaviiw 
OROER  NUMBERS: 
OG1BOAP  OR  DG1806P 
DG181AP  OR  DG181BP 
DG182AP  OR  DG182BP 
SEE  PACKAGE  11 


Plat  Packaaa 


Dual-In-Lina  Packaaa 


DUAL  DPST 


iK.MMgP/ITOll 


SWITCH  STATES  ARE 

, — 2_jt  — , 

•OP  *>tf 

FOR  LOGIC  “1“  INPUT 

‘OP  vilta 

(POSITIVE  LOGIC) 

OROER  NUMBERS: 

OROER  NUMBERS: 

0G1S4AL  OR  OG1SSAL 

DG183AP  OR  OG183BP 

SEE  PACKAGE  9 

OG184AP  OR  DG184BP 

‘Common  to  Subttrata  and  Bata  of  Packaaa 

OG189AP  OR  DG189BP 
SEE  PACKAGE  12 

LOGIC  SW 1  SW  2 
0  OFF  ON 
1  |  ON  I  OFF 

SWITCH  STATES  ARE 
FOR  LOGIC  "1"  INPUT 
(POSITIVE  LOGIC) 


Motal  Can  Packaaa 


Plat  Packaaa 


Dual-In-Lina  Packaaa 


OROER  NUMBERS: 
OG188AA  OR  OG1B8BA 
DG187AA  OR  OG187BA 
OG1BBAA  OR  OG1S8BA 
SEE  PACKAGE  2 
t Common  to  Subttrata  and  Caaa 


ORDER  NUMBERS: 

DG187AL  OR  OG188AL 
SEE  PACKAGE  9 

‘Common  to  Subttrata  and  Bate  of  Packaaa 


ORDER  NUMBERS: 
OG186AP  OR  DG186BP 
DG187AP  OR  DG187BP 
DG188AP  OR  DG188BP 
SEE  PACKAGE  11 


DUAL  SPDT 

.  nn.n  W  1  SW  3 

_ SW  2  SW4 

0  OFF  ON 

1  I  QN  1  OFF 

SWITCH  STATES  ARE 
FOR  LOGIC  T"  INPUT 
(POSITIVE  LOGIC) 


Ouai-ln-Lina  Packaaa 


i  A  p 

LjJr  2P«i 


-arma 

ORDER  NUMBERS: 

DG1B0AL  OR  DG1B1AL 
SEE  PACKAGE  5 

‘Common  to  Subttrata  and  Bata  of  Packaaa 


ORDER  NUMBERS: 
DG18BAP  OR  OG189SP 
OG190AP  OR  OG190BP 
OG191AP  OR  DG191BP 
SEE  PACKAGE  12 
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DG180-DG191  Series  |J  Analog  Switches 


DG180-DG191  Series 


ABSOLUTE  MAXIMUM  RATINGS 

V  ♦  to  V  - 

V*  to  Vq  .  . 

VotoV-  . 

Vo  to  Vs  . 

VLtoV- 

Vl'oVin  . 

V  L  to  V  ft . 

ViN  to  Vft  ... 

Vft  to  V—  . 

VfttoVjN  . 

Current  (Any  Ttfmnil  except  S  Of  D)  . 


Currents  IS  or  0»  30  n.  75  rt  .  30  mA 

10  0  Only  200  mA 

Storage  Temperature . -65  to  1 50“  C 

Operating  Temperature A  Suffix)  .  .  -55  to  1 25’  C 

'8  Suffix*  .  .  -20  to  85° C 

Power  Oinipetion* 

Metal  Can** .  450  mW 

MPinOlP*— .  825  mW 

16  Pin  DIP**** .  900  mW 

Plat  Pack . .  900  mW 

•AH  leads  welded  or  soldered  to  PC  board. 

••Derate  6  mW/*C  above  75* C. 

•••Oerete  11  mW/“C  above  75*  C. 

••••Derate  12  mW/“C  above  75“ C. 

. Derate  10  mW/*C  above  75“  C. 


ELECTRICAL  CHARACTERISTICS  All  DC  parameters  are  100%  tested  at  25-°C.  Lots  are  sample  tested  for  AC 
perimeters  and  high  and  low  temperature  limits  to  assure  conformance  with  specifications. 


▼■Sr  cqmo*  rio*>d  um.ni  won » 

W*»  ISV.  V.«.(|V.V,  *IV.  V.  •• 


IBE3I 


mni 


[■wnwiwi 


■31 

Iei| 

B 

Ell 

D 

Ell 


1TTT 

IK3I 


11309 


El 


D 

sal 


■rjuirrj.tni'as 


Cl 


D 


NOTES:  1.  V(fi|  •  0.8  V  or  2.0  V  to  turn  ON  ivntcn  under  test.  2.  V»n  *  0.8  V  or  2.0  V  to  turn  OPP  twitch  under  test. 


Siliconix 


Monolithic  CMOS  Analog 
Switches 

«  e  i  #  BENE 

designed  for  •  •  •  •  £«» 


Siliconix 


BENEFITS 

•  Environmentally  Rugged 
"  Uatchproof  CMOS 


Portable,  Battery  Operated  Circuits*  low  standby  Power 

*  ~  z  0.06  pW  Typical 

Low  Leakage  Switching  •  Minimize!  Signal  Erra 

i.e.  Sample  and  Hold  Circuits  . 

Communication  Systems  0 

'  •  Reduced  Voltage  Drc 

Low  Level  Switching  Circuits  condition 

9  c  rds(on)  <  50  n  _ 

Fast  Switching  Circuits  *  Minimize,  switching 

such  as  Multiplexers  . 

Standard  Linear  Dual  Supply  .  '  “f'r1’0" 

Voltages  or  Single  Supply  Systems  o  ttl.  dtl  and  c: 


•  Minimizes  Signal  Error 

5  0.1  nA  Typical  Leakage 

•  Low  Operating  Power 

o  0.06  yW  Typical  for  DG304-307 

•  Reduced  Voltage  Drop  Across  Switch  in  ON 
Condition 

c  rds(on)<50fi 

•  Minimizes  Switching  Time 
13  Typ  ton  &  t0ff  <  180  ns 

•  Minimizes  System  Power  Requirements 
-  Single  Supply  Operation  Capabilities 

•  Easily  Interfaced 

3  TTL,  DTL  and  CMOS  Input  Compatible 

•  Reduces  External  Component  Requirements 
3  Logic  Input  Overvoltage  Protection 


DESCRIPTION  o  Logic  Input  Overvoltage  Protection 

The  DG300  through  DG307  switch  family  features  four  switching  functions  using  CMOS  technology  for  low  and  nearly 
constant  ON  resistance  (less  than  50  ft)  over  the  full  analog  signal  range.  In  the  ON  condition  the  switches  will  conduct 
current  in  either  direction  with  no  offset  voltage.  With  low  power  dissipation,  (a  few  milliwatts  for  the  DG300-303,  a  few 
hundred  microwatts  for  the  DG304-307).  this  series  of  switches  becomes  an  ideal  candidate  for  battery-powered  or  remote 
switching  applications.  The  switching  speed  is  among  the  fastest  available  with  the  low  quiescent  power  dissipation.  In  the 
OFF  condition,  the  switches  will  block  voltages  up  to  30  V  peak-to-peak.  A  logic  input  driver  controls  the  ON/OFF  state  of 
the  switches.  (See  the  "Pin  Configuration"  for  switch  status  with  a  logic  "I”  input.)  The  DG300-303  switches  are  TTL  and 
CMOS  input  compatible  and  have  a  logic  "0"  state  with  an  input  less  than  0.8  V  and  a  logic  ”1"  state  with  an  input  greater 
than  4.0  V.  A  pull-up  resistor  should  be  added  for  totem  pole  TTL  outputs.  The  DG304-307  switches  are  CMOS  input 
compatible  and  have  a  logic  "0"  state  with  an  input  less  than  3.5  V  and  a  logic  "1"  state  with  an  input  greater  than  1 1  V 
(for  15  V  positive  supply).  The  logic  inputs  are  protected  against  overvoltage  up  to  18  V  above  and  36  V  below  the  positive 
supply.  The  combination  of  low  cost,  low  power,  low  resistance  and  fast  speed  optimizes  system  design. 

PIN  CONFIGURATIONS 

OUAL  SPST  OG300  or  DG304  SPOT  DG301  or  0G30S 

Matal  Can  Paata aga  OuaJ-in-Ltna  and  Plat  Pacta a§a  OuaMn-Ltna  and  Plat  Pacta  af  Matal  Can  Pactaaga 


V+  (SUBSTRATE  AND  CASE) 


GNO 

TOR  VIEW 

OROIR  NUMBERS: 
OG3QOAA  OR  OG300BA 
M304AA  OR  OGJtMBA 
UK  PACK  AOS  2 


ORDKR  NUMBERS: 
OG300AP  OR  DQ300BP 
OG304AP  OR  OG3048P 
SSE  PACK  AOS  11 
0G3OOCJ 
OG304CJ 

1  see  PACK ACK 7 
OG300AL  OR  0G304AL 

see  PACKAGS  IS 


SPOT  DG301  or  DG305 
OuaMn-Ltna  and  Plat  Pacta ata 
ORDER  NUMBERS.  — ,  v* 

0G301AP  OX  DQ301BP  Nc  Q  3U* 

OG30SAP  OR  DGJOSBP  °i  Q — ~  33 

SSI  PACKAGE  It 

0G301CJ  Q  ’  13 

og^sS  3nc 

UUJUOCJ  |NH _ □me 

SIS  PACKAGS  7  GND  Q  jv- 

0GS01AL  OR  DG305AL 
SIS  PACKAGE  IS 


•  Matal  Can  Pactaaga 

V*  (SUBSTRATE  ANO  CASE) 


LOGIC  I  SWITCH 
0  OPP 
1  ON 


LOGIC  I  SW  1 
0  OPP 
1  ON 


NCVJkQ^U  V- 
GNO 

TOP  VIEW 

OROCR  NUMBERS 
OG3Q1AA  OR  OG301BA 
0G30SAA  OR  OG30UA 
SEE  PACKAGE  2 


DUAL  0PST  DO 302  or  0G306 

IIWIMA.wR.hAR.  ORDSR  NUMBERS: 

*C  3  V*  OG3GZAP  OR  OGSOHP  , 

*3  C  — 1 1 —  3  U  sdbotAP  or  ogsosgp  _ 

G  “r~  1-r-  3  0«  sss  PACKAGS  It  LOGIC  SWITW 

oosozcj  «  °ff 

SlG-fJL_3*2  oososcj  ’  1  OR 

.N,G^  **3<*Z  SSS  PACKAGS  7 

GND r  3 v- 

- — H  OG302AL  OR  OG3QBAL 


OUAL  SPOT  0G303  or  DG307 

OROSR  NUMBERS:  OuaMn-L.nawdFlat Pacta^ 


LOGIC 

SW  1 
SW  2 

SW  3  1 
sw« 

0 

1 

OFF 

ON 

z  £ 
o  o 

UK  PACKAGS  IS 


SWITCH  STATES  ARE  FOR  LOGIC  ‘V*  INPUTS  (POSITIVE  LOGIC) 


OG303AP  OR  DG303BP 
0G  307 AP  OR  0G307BP 
SEE  PACKAGE  11 
DG303CJ 
OG307CJ 
SEE  PACKAGE  7 
DG303AL  OR  OG307AL 
SEE  PACKAGE  IS 


NC  □ 
S3d — 
*>3  3- e- 

oiq-- 

SiC  -- 

IN^O- 


Siliconix 


D  -  11 


DG300  DG307  Series  LJ  Analog  Switches 


DG300  DG307  Series 


ABSOLUTE  MAXIMUM  RATINGS 

V,  N  to  Ground . V+  + 1 8  V.  V+  -36  V 

Vg  or  Vq . V+  to  V" 

V+  to  Ground . +36  V 

V*  to  V- . +38  V 

Current,  Any  Terminal  (Except  S  or  0)  ....  30  mA 

Current,  S  or  D,  Continuous . 30  mA 

Pulsed  1  ms  10%  Duty  Cycle . 100  mA 

Operating  Temperature  (A  Suffix)  .  .  .  -55to+125°C 
(B  Suffix)  .  .  .  -20  to  +85* C 

(C  Suffix)  ....  0  to  +70*C 

Storage  Temperature  (A  &  S  Suffix)  .  .  -65  to  +  150°C 
(C  Suffix)  ....  -65  to  +  125°C 


Power  Dissipation’ 

14  Pin  Sidebraze  DIP  (PI** .  825  mV, 


14  Pin  Plastic  DIP  (J)’ 


470  mW 


Metal  Can  (A)”” .  450  mW 

Flat  Package  (L)””* .  750  ml* 

’Device  mounted  with  all  leads  welded  or  soldered  to 
PC  board. 

“Derate  1 1  mW/*C  above  75*C 
’“Derate  6.5  mW/°C  above  25° C 
““Derate  6  mW/*C  above  75°C 
‘““Derate  10  mW/°C  above  75°C 


ELECTRICAL  CHARACTERISTICS 

All  DC  parameters  are  100%  tested  at  25°C.  Lots  are  sample  tested  for  AC  parameters  and 
to  assure  conformance  with  specifications. 


high  and  low  temperature  limits 


Gt  i 


Minimum  An  wo?  Signal 
Warming  Caoao^’fy 

Oam  Sow/ca 
ON  R««itanct 

Sour  c»  OFF 
Laa* apt  Currant 

Op«m  off 

Laanapa  Currant 

Charm#*  ON 
Laahapa  Currant 

inout  Currant  DG 300- 30 3  Only 

moutVoltaaaHujn  0Q300.30T  Only 

lAOut  Currant  inout  Vottaga  Low 
Turn  ON  Tima  00300-303 

Turn  OFF  T.ma _ °nl* 

Turn  ONTinw  0G3O4-307 

Turn  OFF  Tuna 


DG304.307 

On«v 


Srann-aafort-MaM  OG  30 1/303 
on-  oN  mttryal  OG30S/3Q7  Only 

SourcaOFF  Caoaotanca 
c0loN>  Oram  OFF  Caoacttanca 

cO<on>  *  Cstom  CHannat  ON  Capacitanca _ 

CIN  inout  Capacitanca 

OFF  notation^ 

Fotttim  Supply  Currant  1~' 


0G304-X7 

Only 


l- 

Naaatma  SuotMv  Currant 

1* 

Fonttm  Suoofy  Currant 

*- 

Nagatiwa  Supply  Currant 

la 

*FpMttvp  Supply  Currant 

i- 

Naaatrm  Supply  Currant 

la 

Foamm  Supply  Currant 

Naaniia  Supply  Currant  I 


Typ1 

2S*C 

-S8*C/ 

-20*C 

25*  C 

ure; 

Wc  *C 

25*C 

70*C 

:15 

1 15 

•15 

15 

■  is 

30 

so 

SO 

75  50 

SO 

75 

30 

50 

50 

75  50 

50 

75 

0.1 

1 

100 

5 

100 

-0.1 

-1 

-100 

-5 

-100 

0.1 

1 

100 

5 

100 

-0.1 

-1 

-100 

-5 

-100 

0.1 

1 

too 

5 

100 

-0.1 

-2 

-200 

-5 

-200 

-0001 

-1 

-1 

-1 

-1 

0  001 

1° 

1 

1 

1 

-0  001 

-1 

-i 

-1 

-1 

150 

300 

130 

250 

no 

250 

70 

150 

50 

14 

14 

40 

6 

3.8 

56 

023 

1 

0.5 

0.5 

1 

-0  001 

-10 

-10 

-100 

-100 

0.001 

10 

10 

100 

100 

-0.001 

-10 

-10 

-100 

-100 

0.001 

10 

13 

100 

100 

-0.001 

-.0 

-10 

-100 

-100 

0.001 

10 

10 

100 

100 

-0  001 

-10 

-!0 

-100 

-100 

Taat  Condition! 

V*  •  08  V.  V-  -  -18  V.  Gnp  •  0  V 


Smten  ON  lj  •  10  mA 


VD 

♦  10  V.  Is  -  -10  mA  j 

vO 

-10  V. !s  • 

10  mA 

«s- 

•14  V  .  V0- 

-14  V 

vs* 

-14V.  V0  • 

*14  V 

v0 

•14  V.  VS  ■ 

-14  V 

VO 

-14  V.  • 

*14  V 

v0- 

V$  -  *14  V 

Vp 

Vj  -  -14  V 

Sat  Switching  Tima  Taft  Circuit 


Saa  Sroafc-Bt<ort-M*ka  Tima  Tail  Circuit 

V j  »  0.  Nota  2 
V0  •  0.  Nota  2 

V3‘V;«  0.  Nota  2  f  ■  1  MM« 

VtN*0 _ 

V,N.OSV 

'  V,N  •o7N|_  •!  K  Jl.  CL  -  *l¥  pf 

'  VIN  •  4  v  <OnalnouU  (AllOthpr  Input*  • 
VIN  -0.8  V  (Alt  Inputtl 

V,N  ■  -IS  V  (All  (nputal 


]VIN  *  0  <AM  '"ouid 


1.  Typiaat  rntuaa  am  far  OfSlQN  AlO  ONLY,  not  piarantaaP  and  not  gubtatt  to  arvouetton  tat  tin*. 

X  VlN  *  Input  patmp  to  oorform  pra oar  function.  03300303:  V|*  -  For  <opa  "V  -  4  V.  for  lope  'U"  •  0.8  V. 

OG 300-30 7  V)N  -  For  lope  -I"  -  1 1  V.  for  <opc  "0"  •  5.6  V 
3.  ''OFF’*  Notation  -20M8  VoVn.  V*  -  I  now!  to  OFF  wntcn.  Vn  -  Outout. 

Stnaa  tha  DGyOGOI  anp  OG304/3O9  ham  a  N/C  pm  Datwaar  S  mo  0.  ma  OFF  Notation  aanaraily  improma  fry 
7  dt  •  900  Hut  omr  -wtua  mown  nara. 


00300  ICMA-A  00302  1CM0-A 

00301  ICMA4  00103  ICMO-O 

00304  ICMA-C  00300  tCMO-C 

00308  ICMA-O  00307  (CMPO 
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LINEAR  INTEGRATED 
CIRCUITS 


CIRCUIT  TYPES  SN52741.  SN72741 
HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


•  Short-Circuit  Protection 

•  Offset-Voltage  Null  Capability 

•  Large  Common-Mode  and 
Differential  Voltage  Ranges 


•  No  Frequency  Compensation  Required 

•  Low  Power  Consumption 

•  No  Latch-up 

•  Same  Pin  Assignments  as  SN52709/SN72709 


description 


schematic 


The  SN52741  and  SN72741  are  high-performance 
operational  amplifiers,  featuring  offset-voltage  null 

capability. 

The  high  common-mode  input  voltage  range  and  the 
absence  of  latch-up  make  the  amplifier  ideal  for  volt¬ 
age-follower  applications.  The  devices  are  short-cir¬ 
cuit  protected  and  the  internal  frequency  compensa¬ 
tion  ensures  stability  without  external  components.  A 
tow-value  potentiometer  may  be  connected  between 
the  offset  null  inputs  to  null  out  the  offset  voltage  as 
shown  in  Figure  11. 


The  SN52741  is  characterized  for  operation  over  the  <»««>«•«»  v..,u«»  mmuul 

full  military  temperature  range  of  -55°C  to  125°C; 
the  SN72741  is  characterized  for  operation  from  0°C 
to  70°C. 


terminal  assignments 


NC— No  internal  connection 


3-34 


Texas  Instruments 

INCORPORATED 

roe?  o**tee  tot  mu  «  o*lui.  ?«»*•  mil 
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CIRCUIT  TYPES  SN52741.  SN72741 
HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


absolute  maximum  ratings  over  operating  free-air  temperature  range  (unless  otherwise  noted) 


SN52741 


22 


-22 


SN72741 


18 


-  >8 


Supply  voltags  Vcc*  Note  1) 


Supply  voltage  Vcc-  (**•  Note  1) 


Differential  input  voltage  (see  Note  2) 


Input  voltage  (either  input,  see  Notes  1  and  3) 


voltage  between  either  offset  nuil  terminal  (N 1/N2)  and  VqC- 


Du  rat  ion  of  output  short-circuit  (see  Note  41 


Continuous  total  power  dissioation  at  (or  below)  55  C  free-air  temperature  (see  Note  5) 


Operating  free-air  temperature  range 


Storage  temperature  range 


Lead  temperature  1/16  inch  from  case  for  60  seconds  J,  L,  or  2  Package 


Lead  temperature  1/16  inch  from  case  for  10  seconds  _  |  N  or  P  Package 


1.  All  voltage  values,  unless  otherwise  noted,  are  with  respect  to  the  zero  reference  level  (ground)  of  the  supply  voltages  where  the 
zero  reference  level  is  the  midpoint  between  V r  and  Vcc— 

2.  Differential  voltages  are  at  the  noninverting  input  terminal  with  respect  to  the  inverting  input  terminal. 

3.  The  magnitude  of  the  input  voltage  must  never  exceed  the  magnitude  of  the  supply  voltage  or  15  volts,  whichever  is  less. 

.  4.  Theoutout  may  be  shorted  to  ground  or  either  sower  supply.  For  the  SNS2741  only,  the  unlimited  duration  of  tha  short-circuit 
applies  at  (or  below)  125°C  case  temperature  or  75JC  free-eir  temperature. 

5.  For  operation  above  55° C  free-air  temparature,  rafar  to  Dissipation  Derating  Curve,  Figure  12. 


500 


-55  to  125 


I -65  to  1501  -65  to  150 


unlimited 


500 


Oto  70 


electrical  characteristics  at  specified  free-air  temperature,  Vqc+  *  15  V,  Vcc—  *  —15  V 


*  SN52741 

PARAMETER  TEST  CONDITIONS* 


RS<  10  kn 


TYP  MAX 


SN72741 _ 

TYP  MAX 


V(q  Input  offset  voltage 


AVIO(adi)  Offset  voltage  adjust  range 


I  to  1  "Put  offset  current 


l)B  Input  bias  current 


V|  Input  voltage  range 


Maximum  peak- to-peak 

vOPP 

output  voltage  swing 


25"  C 


Full  range 


AViq/AVcc  Power  supply  sensitivity 


Short-circuit  output  current 


<CC  Supply  currant 


Fq  Total  power  dissipation 


No  load. 
No  signal 


No  load. 
No  signal 


25°  C 


25°  C 


Full  rang* 


25°  C 


Full  rang* 


25  C 


25“  C 


Full  rang* 


25  C 


Full  rang* 


50  35 


100 


50  85 


100 


AH  characteristics  are  specified  under  open-loop  operation.  Full  range  for  SN82741  is 
NOTS  S:  This  typical  value  aootles  only  at  frequencies  shove  a  raw  hundred  harts  Oeeaus 


•IS  C  to  1»  C  and  for  SN7J741  is  0  C  to  70  C. 
ise  of  the  effects  of  drift  and  thermal  feedback. 


Texas  Instruments 

INCORPORATED 

POST  0**tCS  SOX  Mil  o  DALLAS.  TIXAS  7*1*1 


nn 
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In  the  literature,  there  are  many  technical  papers  describing  the  theoretical 
characteristics,  advantages  and  disadvantages  of  switched-capacitor  circuits  and 
systems.  The  experimental  research  presented  here  is  an  Investigation  of  the 
characteristics  of  specific  switched-capacitor  circuits  as  described  by  some  of 
these  technical  papers.  The  circuits  investigated  include  a  second  order  band 
elimination  filter,  a  simulation  of  inductor  and  a  AM  demodulator.  For  each 
circuit,  the  performance  of  the  switched-capacitor  implementation  was  compared 
to  the  theoretical  analysis.  In  addition,  for  the  band  elimination  filter  and 
inductor  circuits,  the  performance  of  the  switched-capacitor  circuit  was  compared 
to  an  equivalent  implementation  using  normal  analog  components.  Analatical  results 
were  duplicated  using  switched-capacitor  circuits.  The  clock  frequency  was  a 
critical  parameter  for  the  experiment. 


